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ABSTRACT 

R e f l e c t i v e  sur faces f o r  Space S t a t i o n  power genera t ion  systems a r e  

r e q u i r e d  t o  w l t h s t a n d  t h e  atomic oxygen-dominated environment o f  near e a r t h  

o r b i t .  Th in  f i l m s  o f  p la t i num and rhodium, which a re  c o r r o s i o n  r e s i s t a n t  

r e f l e c t i v e  meta ls ,  have been deposi ted by ion beam s p u t t e r  d e p o s i t i o n  onto 

va r ious  s u b s t r a t e  m a t e r i a l s .  S o l a r  re f l ec tances  were  then measured as a 

f u n c t i o n  o f  t i m e  o f  exposure t o  a r f -generated a i r  plasma. S i m i l a r l y ,  var ious  

p ro tec ’ t i ve  c o a t i n g  ma te r ia l s ,  i n c l u d i n g  MgF2, S iOz ,  A1203, and S i3N4,  were 

depos i ted  onto s i l v e r - c o a t e d  subst rates and then exposed t o  t he  plasma. 
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Analys is  o f  t h e  f i l m s  bo th  be fo re  and a f t e r  exposure by bo th  ESCA and Auger 

spectroscopy was a l s o  performed. The r e s u l t s  i n d i c a t e  t h a t  P t  and Rh do no t  

s u f f e r  any l o s s  i n  r e f l e c t a n c e  over t h e  d u r a t i o n  o f  t he  t e s t s .  Also,  each o f  

t h e  c o a t i n g  m a t e r l a l s  surv ived  the plasma environment. The ESCA and Auger 

analyses a r e  d iscussed as w e l l .  

INTROOUCTION 

I n  t h e  c u r r e n t  proposed i n i t i a l  ope ra t i ng  c o n f i g u r a t i o n  (IOC) f o r  Space 

S t a t i o n ,  e l e c t r i c a l  power w i l l  be generated by a combinat ion o f  bo th  



p h o t o v o l t a i c  (PV) and s o l a r  dynamic (SD) systems, w i th  PV p r o v i d i n g  33 percent  

and SD p r o v i d i n g  67 percent  o f  t h e  t o t a l  power generated. 

have long been used t o  p rov ide  e l e c t r i c a l  power f o r  a v a r i e t y  o f  spacecra f t .  

So la r  dynamic systems, t o  date, have never been f lown i n  space. However, t h e  

Space S t a t i o n  presents severa l  new chal lenges and requirements f o r  which a 

s o l a r  dynamic system may be b e t t e r  su i ted .  

Pho tovo l ta i c  systems 

A s o l a r  dynamic system generates e l e c t r i c i t y  by focus ing  t h e  sun's l i g h t ,  

e i t h e r  by r e f l e c t i n g  m i r r o r s  o r  r e f r a c t i n g  lenses, onto the r e c e i v e r  o f  a heat  

engine. Such a system has the  p o t e n t i a l  t o  be more e f f i c i e n t  than a PV system. 

Hence, t h e  s o l a r  c o l l e c t o r  area can be smal le r  f o r  a g iven amount o f  power 

generat ion,  o r ,  conversely,  more power can be generated f o r  a g iven c o l l e c t o r  

area. 

The I O C  requ i res  a bus power of  7 5  kW, which i s  approx imate ly  a f a c t o r  o f  

t h r e e  g r e a t e r  than any power system p r e v i o u s l y  f lown. A PV a r r a y  based on 

c u r r e n t  s i l i c o n  so la r  c e l l  technology would have t o  be q u i t e  l a r g e  t o  meet 

t h i s  power requirement,  perhaps t o  t h e  p o i n t  o f  be ing unwieldy,  e s p e c i a l l y  i f  

i t  i s  des i red  t o  inc rease the  genera t ing  capac i t y  as t h e  Space S t a t i o n  grows. 

I n  a d d i t i o n ,  a 7 t o  10 y r  l i f e t i m e  i s  requ i red  f r o m  t h e  var ious  components 

which comprise the power genera t ion  system. 

problem, cons ider ing  t h e  harshness o f  t he  l o w  e a r t h  o r b i t  environment through 

which Space S t a t i o n  w i l l  o r b i t .  

Th is  cou ld  be a s i g n i f i c a n t  

The LEO environment i s  a h o s t i l e  one toward t h e  s u r v i v a b i l i t y  o f  

spacecra f t  component m a t e r i a l s .  A t  a l t i t u d e s  of 180 km (97  nmi) t o  650 km 

(350 nmi) atomic oxygen 1 s  t h e  most abundant species (Ref .  1 ) .  Th is  i s  a 

h i g h l y  r e a c t i v e  and c o r r o s i v e  species whose e f f e c t  on m a t e r i a l s  f l own  aboard 

o r b i t i n g  spacecra f t  I s  w e l l  documented (Re fs .  2 t o  4 ) .  I n  a s o l a r  dynamic 

system, the  e f f e c t  of  atomic oxygen on the  r e f l e c t i n g  sur faces  I s  a major 
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concern. There a r e  two p o t e n t i a l  so lu t i ons  t o  t h i s  problem. The f i r s t  i s  t o  

use a c o r r o s i o n - r e s i s t a n t  meta l ,  such as p la t i num o r  rhodium, as t h e  r e f l e c t i n g  

medium. S ince  these meta ls  a r e  n o t  as r e f l e c t i v e  as s i l v e r ,  a p e n a l t y  would 

be p a i d  i n  reduced e f f i c i e n c y  o f  t he  system. 

t o  use a p r o t e c t i v e  c o a t i n g  t o  prevent atomic oxygen f r o m  reach ing  t h e  s i l v e r  

l a y e r .  

The second p o t e n t i a l  s o l u t i o n  i s  

Any m a t e r i a l  used as a p r o t e c t i v e  coa t ing  aga ins t  atomic oxygen 

degradat ion  f o r  r e f l e c t o r  sur faces must meet two requirements.  

must be r e s i s t a n t  t o  ox ida t i on ,  and i t  must be t ransparent .  

sur face  w i l l  be on a r i g i d  subst rate,  f l e x i b i l i t y  o f  t h e  p r o t e c t i v e  c o a t i n g  i s  

n o t  a demanding requirement.  

The m a t e r i a l  

Because t h e  m i r r o r  

I t  was t h e  i n t e n t  o f  t h e  work t o  be descr ibed here t o  i n v e s t i g a t e  severa l  

m a t e r i a l s ,  i n c l u d i n g  magnesium f l u o r i d e  (MgF2), aluminum ox ide  (A1203), s i l i c o n  

d i o x i d e  (S i02 ) ,  and s i l i c o n  n i t r i d e  (Si3N4) f o r  p o t e n t i a l  use as p r o t e c t i v e  

coat ings  on s i l v e r  m i r r o r s .  A v a r i e t y  o f  ma te r ia l s ,  i n c l u d i n g  aluminum, 

graphi te-epoxy composite, e lect ro formed n i c k e l ,  and bery l l ium-copper  a l l o y  

were used as subs t ra tes .  Resistance t o  atomic oxygen a t t a c k  was cha rac te r i zed  

by observ ing changes i n  i n t e g r a t e d  so la r  r e f l e c t a n c e  as a f u n c t i o n  o f  t ime  o f  

exposure t o  a laboratory-generated,  oxygen plasma environment. Whi le  i t  i s  

d i f f i c u l t  t o  d e r i v e  a d i r e c t  r e l a t i o n s h i p  between l i f e t i m e  i n  t h e  s imulated 

environment and l i f e t i m e  i n  LEO, use o f  t h e  l abo ra to ry  f a c i l l t y  does a l l o w  

gross de te rm ina t ion  o f  the  l i k e l i h o o d  o f  s u r v i v a b i l i t y  o f  a p a r t i c u l a r  m a t e r i a l  

i n  LEO. 

spectroscopy. 

I n  a d d i t i o n ,  samples were  examined by bo th  ESCA and Auger e l e c t r o n  

APPARATUS AND PROCEDURE 

A l l  f i l m s ,  i n c l u d i n g  bo th  t h e  r e f l e c t i v e  and p r o t e c t i v e  l aye rs ,  were 

depos i ted  by i o n  beam s p u t t e r  depos i t i on  us ing  an i o n  source operated w i t h  

argon i n  a d e p o s i t i o n  f a c i l i t y  descr ibed elsewhere (Ref.  5 ) .  The var ious  
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r e f l e c t i v e  m a t e r i a l s  (Ag, P t ,  Rh) and p r o t e c t i v e  m a t e r i a l s  (HgF2, A1203, Si02, 

S i3N4)  were sput te red  f rom t a r g e t s  12.7 cm i n  diameter and 0.64 cm t h i c k .  

The subs t ra te  m a t e r i a l s  were ob ta ined f rom severa l  sources and t h e i r  

p r e p a r a t i o n  p r i o r  t o  s p u t t e r i n g  depended upon t h e  c o n d i t i o n  i n  which they  were 

rece ived.  

2.54 cm squares and p o l i s h e d  t o  a m i r r o r  f i n i s h  us ing  600 g r i t  paper and then 

3 pm diamond paste. 

M a t e r i a l s  and S t ruc tu res  Laboratory a t  NASA Lewis. 

Carbide T-300 f i b e r s  i n  a F i b e r i t e  934 epoxy m a t r i x .  It was then c u t  i n t o  

2.54 cm squares and p o l i s h e d  l i g h t l y  w i t h  t h e  600 g r i t  paper. 

were d i f f i c u l t  t o  o b t a i n  w i t h  t h i s  composite system, and no a t tempt  was made 

t o  a t t a i n  an o p t i c a l l y  f l a t  sur face .  

from O p t i c a l  Rad ia t i on  Corp. as 5.08 cm diameter, 0.15 cm t h i c k  wafers 

po l i shed  on one s ide.  These were c u t  i n t o  qua r te rs  and used w i t h o u t  f u r t h e r  

p repara t i on .  The bery l l ium-copper  was purchased f rom Brush-Wellman as an 

a l l o y  o f  2 percent b e r y l l i u m  and 98 percent  copper i n  a r o l l  2.54 cm wide and 

6.09 m (20 f t )  long. 

m i r r o r .  f i n i s h  w i t h  600 g r i t  paper and 3 pm diamond paste.  

The aluminum, which was 5086 a l l o y  0.16 cm t h i c k ,  was c u t  i n t o  

The graphi te-epoxy composite was f a b r i c a t e d  by t h e  

It cons is ted  o f  Union 

Smooth sur faces  

The e lec t ro fo rmed n i c k e l  was ob ta ined 

I t  a l s o  was c u t  i n t o  2.54 cm squares and p o l i s h e d  t o  a 

The atomic oxygen environment was s imu la ted  us ing  a S t r u c t u r e  Probe, I n c .  

Plasma Prep I 1  plasma r e a c t o r .  I n  t h i s  device,  t h e  plasma i s  c rea ted  by 

passing a c a r r i e r  gas ( i n  t h i s  case, ambient a i r )  over t h e  samples and e x c i t i n g  

the  gas molecules w i t h  100 W o f  cont inuous wave r f  power a t  13.56 MHz. 

opera t i ng  pressure was about 50 pm. 

The 

Ref lec tance measurements were made on a Perkin-Elmer Lambda-9 UV/V IS /N IR  

spectrophotometer equipped w i t h  a 60 mm i n t e g r a t i n g  sphere coated w i t h  bar ium 

s u l f a t e .  To determine t h e  i n t e g r a t e d  s o l a r  re f l ec tance ,  t h e  specular and 

t o t a l  re f l ec tances  were f i r s t  ob ta ined r e l a t i v e  t o  a bar ium s u l f a t e  re fe rence  

over t h e  wavelength range of 200 t o  2500 nm. I n  us ing  t h i s  wavelength range, 
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less than 5 percent of the solar spectrum is neglected. 

then processed by first correcting the spectra for the reflectance of the 

These spectra were 

reference (Ref. 6) and then convoluting the spectra Into the air-mass-zero 

(AMO) solar spectrum (Ref. 7) over the same wavelength range according to the 

following expression (Ref. 8): 

In this equation, p is the integrated solar reflectance (specular or total), 

p ( h )  is the reflectance (specular or total) at wavelength x,  Q(x) is the 

AM0 intensity at wavelength 1, h1 = 200 nm and x2 = 2500 nm. 

X-ray photoelectron spectroscopic (XPS) analysis was performed in a 

Surface Science Laboratories SSX-100 ESCA. Monochromatic A1 Ka radlation.was 

used and was focused to produce a spot size of either 300 or 600 pm. The pass 

energy on the hemispherical analyzer was set to 50 eV, providing'a resolution 

of 0.8 eV for the Au 4f7/2 line. 

Cu 2p3M = 932.67 eV and the Au 4f,,2 = 83.98 eV. 

examined by removing material using a Kratos ''Mini Beam" ion gun. Sputtering 

was accomplished using 5 keV argon Ions with a beam flux of 25 yA/cm . 

The energy scale was calibrated to provide 

Subsurface layers were 

2 

Auger analysis was performed i n  a Phi 545 Scanning Auger Microprobe. 

Auger spectra were acquired using a 5 keV primary beam and a 300 nA beam 

current. Depth profiles were obtained with a differentially pumped ion gun 

using argon ions with an incident energy of 2 keV. Callbration of the ion gun 

under these conditions gave a sputtering rate of 100 A/min in S102. 

The normal routine for obtaining reflectance data was as follows: 

substrates were prepared as described and the reflective metal was then 

applied. In the case of the platinum and rhodium mirrors, initial reflectances 
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were ob ta ined and then t h e  samples were p laced i n  the  asher and exposed t o  t h e  

plasma. A t  p e r i o d i c  i n t e r v a l s ,  these samples were removed f o r  r e f l e c t a n c e  

measurement and then re tu rned t o  t h e  asher. I n  the  case of  t h e  s i l v e r  m i r r o r s ,  

p r o t e c t i v e  coat ings were a p p l i e d  t o  t h e  s i l v e r  surfaces and t h e i r  r e f l e c t a n c e s  

were measured. 

r e g u l a r  i n t e r v a l s  f o r  measurement as descr ibed above. 

The samples were then p laced i n  t h e  asher and removed a t  

As a b a s i s  f o r  comparison, a r e f l e c t a n c e  f r a c t i o n a l  l o s s  r a t e  was 

c a l c u l a t e d  f o r  each sample by d i v i d i n g  t h e  t o t a l  r e f l e c t a n c e  l o s s  by t h e  t o t a l  

hours o f  exposure. 

oxygen s u r v i v a b i l i t y  o f  t h e  var ious  protective-coating/reflective-coating/ 

subs t ra te  systems. 

This  pe rm i t ted  a d i r e c t  comparison of t h e  r e l a t i v e  atomic 

RESULTS AND DISCUSSION 

Corros ion-Resis tant  Metals 

Table I shows the  r e s u l t s  o f  exposure o f  unprotected s i l v e r ,  rhodium, and 

p la t i num surfaces t o  t h e  asher plasma environment. F igu re  1 shows specular  

s o l a r  r e f l e c t a n c e  as a f u n c t i o n  o f  plasma exposure t ime f o r  t h e  Unprotected 

s i l v e r  sample, the p la t i num/n icke l  subs t ra te  sample, t h e  rhodium/n icke l  

subs t ra te  sample, and t h e  rhodlum/beryllium-copper subs t ra te  sample. 

These da ta  i n d i c a t e  t h a t  p l a t i n u m  and rhodium a re  r e s i s t a n t  t o  t h e  plasma 

and would n o t  requ i re  p r o t e c t i v e  coat ings  i n  t h e  LEO environment. The P t  and 

Rh samples showed n e g l i g i b l e  r e f l e c t a n c e  losses over t h e  exposure d u r a t i o n  

s tud ied  here. In one ins tance  a s i g n i f i c a n t  r e f l e c t a n c e  l o s s  was noted f o r  

Rh, t h a t  of t h e  Rh/beryl l ium-copper subs t ra te  combination, which r e s u l t e d  f r o m  

apparent s p a l l i n g  o f  the Rh c o a t i n g  over t ime.  Whether o r  n o t  t h i s  was due t o  

t he  plasma 1 s  not c l e a r  and was n o t  i n v e s t i g a t e d  f u r t h e r .  

r e f l e c t a n c e  values f o r  P t  and Rh were s i g n i f i c a n t l y  l ower , ' p r i o r  t o  exposure, 

than the  va lue  f o r  s i l v e r .  Such low values would probably  p rec lude  the use o f  

The abso lu te  
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these meta ls  f o r  s o l a r  dynamic r e f l e c t i n g  m i r r o r s  should a v i a b l e  c o a t i n g  f o r  

s i l v e r  be found. 

The unpro tec ted  s l l v e r  sample showed s i g n i f i c a n t  r e f l e c t a n c e  l o s s ,  w i t h  a 

f r a c t i o n a l  l o s s  r a t e  o f  f a c t o r  o f  about 1000 h igher  than t h e  P t  and Rh samples. 

Th is  sample l o s t  about one- th i rd  o f  i t s  r e f l e c t a n c e  a f t e r  j u s t  2 h r .  C l e a r l y  

a p r o t e c t i v e  c o a t i n g  i s  r e q u i r e d  f o r  s i l v e r .  

S i l v e r  w i t h  P r o t e c t i v e  Coatings 

Magnesium f l u o r i d e .  - Table I 1  shows data  i n d i c a t i n g  t h e  e f f e c t  o f  t h e  

asher plasma on s i l v e r  m i r r o r  samples w i t h  magnesium f l u o r i d e  p r o t e c t i v e  

coat ings .  I n  a l l  ins tances,  t h e  coat ing  p r o t e c t e d  t h e  s i l v e r  f rom atomic 

oxygen a t t a c k ,  and t h e  r e f l e c t a n c e s  were preserved over t h e  exposure d u r a t i o n  

s tud ied .  Ref lec tance l o s s  r a t e s  were n e g l i g i b l e .  The somewhat lower  values 

o f  abso lu te  r e f l e c t a n c e  noted r e l a t i v e  t o  t h e  unprotected s i l v e r  sample were 

due t o  b o t h  t h e  i m p e r f e c t  n a t u r e  o f  t h e  s u b s t r a t e  surfaces and t h e  presence o f  

t h e  MgF2 c o a t i n g .  

by a d j u s t i n g  t h e  th ickness  o f  t h e  MgF2 coat ing .  

s o l a r  specular  r e f l e c t a n c e  as a f u n c t i o n  o f  exposure t ime o f  t h e  MgF /Ag/n lcke l  

s u b s t r a t e  sample. 

The e f f e c t  o f  the  l a t t e r  can l i k e l y  be reduced o r  e l i m i n a t e d  

F igure  2 inc ludes  a p l o t  o f  

2 

ESCA a n a l y s i s  o f  t h e  magnesium f l u o r i d e  coat ings both be fore  and a f t e r  

exposure showed t h a t  t h e  f i l m s  were subs to ich iomet r ic ,  w i t h  t h e  approximate 

r a t i o n  of 1 : l  magnesium t o  f l u o r i n e .  No e f f e c t  o f  t h e  plasma environment was 

noted. 

S i l i c o n  d i o x i d e .  - Table I 1  shows data  f o r  severa l  SIO2/substrate 

combinat ions.  

b u t  t h e  r e f l e c t a n c e  f r a c t i o n a l  loss  r a t e s  were g e n e r a l l y  h i g h e r  than those f o r  

The S i02  c o a t i n g  d i d  p r o t e c t  t h e  s i l v e r  l a y e r  f rom o x i d a t i o n ,  

M F 2 .  

Auger p r o f i l i n g  of bo th  unexposed and exposed s i l i c o n  d i o x i d e  coat ings  

i n d i c a t e d  a h i g h  c o n c e n t r a t i o n  o f  carbon (about  30 percent )  throughout  t h e  
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film. 

grids used in the ion source or contamination from the hydrocarbon diffusion 

pump oil. Ashing of this carbon by the oxygen plasma would give rise to 

pinholes in the Si02 film, thus providing a direct pathway for the atomic 

oxygen to reach the silver surface. 

impurity concentration had been lower (less than 5 percent, see discussion of 

the Si3N4 coatings below), the Si02-coated sample would have shown no 

detrimental effects from the oxygen plasma. 

This could be the result of either forward sputtering from the graphite 

It is speculated that if the carbon 

Aluminum oxide. - Table I1 also includes data for several A1203/substrate 
combinations. 

successful in preserving the reflectance of silver mirrors upon exposure to 

atomic oxygen. As before, reflectance fractional loss rates were very small, 

ranging to as low as zero for the A1203/nickel substrate combination, which 

showed no reflectance loss over the exposure duration studied. 

As with the Si02 and MgF2 coatings, A1203 coatlngs were 

Analysis o f  an exposed alumlnum oxide coating showed no discernable 

effect of the asher plasma on the coating composition or structure. 

Silicon nitride. - Table 111 shows data for two different thicknesses 

(820 and 2000 A )  of S13N4 protective coatings. 

adequately protect the silver. Fractional loss rates were generally about an 

order of magnitude higher that those of the other coatings studied. Figure 2 

includes a plot of reflectance versus exposure time for the Si3N4/nickel 

substrate combination. As can be seen, the reflectance drops precipitously 

relative to the MgF coating. 

The thinner coating did not 

2 

In an effort to determine the cause of the observed reflectance losses, a 

second set of samples was prepared with a considerably thicker Si3N4 coating 

(2000 A ) . '  After exposure to atomic oxygen for a considerable length of time 

(over 400 hr), negllgible reflectance losses were observed. 
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Analys is  o f  these s i l i c o n  n i t r i d e  coat ings  i n d i c a t e d  a very h i g h  

concen t ra t i on  o f  carbon (50 2 10 percent)  throughout t h e  820 A f i l m  and a low 

carbon concen t ra t i on  (<5 percent )  throughout t h e  2000 A f i l m .  As  was noted i n  

t h e  d i scuss ion  o f  the S i 0 2  f i l m s ,  the h i g h  carbon concen t ra t i on  I n  t h e  t h i n n e r  

f i l m  was m o s t  l i k e l y  due t o  the p e c u l i a r i t i e s  o f  t h a t  p a r t i c u l a r  d e p o s i t i o n  

run.  

determines t h e  e f f e c t i v e n e s s  o f  the S13N4 f i l m  as a p r o t e c t i v e  coat ing ,  b u t  

t h e  degree o f  carbon i n c o r p o r a t i o n .  Ashing of  t he  smal l  percentage o f  carbon 

i n  the  t h i c k e r  f i l m  l e f t  no pathway f o r  t he  atomic oxygen t o  reach t h e  s i l v e r  

l a y e r .  Hence, no r e f l e c t a n c e  degradat ion was observed. 

The a n a l y s i s  o f  t h e  S i 3 N 4  f i l m  i n d i c a t e d  t h a t  i t  i s  n o t  th ickness  t h a t  

Ana lys is  o f  t h e  S13N4 f i l m s  a lso  showed t h a t  a s i g n i f i c a n t  percentage o f  

t h e  S13N4 had been conver ted t o  S i02  upon depos i t ion ,  and then f u r t h e r  

convers ion occurred d u r i n g  oxygen plasma exposure. A f t e r  400+ h r  o f  exposure, 

t he  2000 A f i l m  had been converted almost complete ly  

a l s o  o x i d a t i o n  r e s i s t a n t ,  no re f l ec tance  degradat ion 

and none was observed. 

E f f e c t  o f  Subs t ra te  

t o  Si02. Since S i02  i s  

would have been expected, 

Samples prepared on graphite-epoxy composite subs t ra tes  showed s o l a r  

r e f l e c t a n c e s  t h a t  were, i n  genera l ,  lower than those o f  samples prepared on 

t h e  o the r  subs t ra te  m a t e r i a l s .  The rough sur face  morphology o f  t he  

graphi te-epoxy increased the  l i k e l i h o o d  t h a t  de fec ts  would be present  i n  t h e  

p r o t e c t i v e  c o a t i n g  which cou ld  a l l o w  t h e  oxygen plasma t o  reach t h e  s i l v e r  

l a y e r .  Th is  problem most l i k e l y  can be overcome i f  a s u f f i c i e n t l y  smooth 

sur face  cou ld  be obta ined on a graphite-epoxy composite. 

No e f f e c t  o f  subs t ra te  on t h e  performance o f  these coat ings  cou ld  be 

observed. Even t h e  r e f l e c t a n c e  losses observed on graphi te-epoxy samples w e r e  

smal l  compared t o  unprotected s i l v e r .  Assuming t h a t  a smooth sur face  can be 
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obta ined on a graphi te-epoxy composite, cho ice  of s u b s t r a t e  can be made on 

o t h e r  grounds, such as cos t ,  handl ing,  weight ,  d u r a b i l i t y ,  e t c .  

CONCLUSIONS 

Whi le p l a t i n u m  and rhodium s u r v i v e  t h e  atomic oxygen environment, t h e i r  

r e l a t i v e l y  low s o l a r  r e f l e c t a n c e s  (compared t o  s i l v e r )  p rec lude t h e i r  use I n  

s o l a r  dynamic power system r e f l e c t i n g  m l r r o r s .  I f  a s u i t a b l e  p r o t e c t i v e  

c o a t i n g  f o r  s i l v e r  can be found, and i t  appears f rom t h e  d a t a  presented here  

t h a t  t h i s  i s  the case, s i l v e r  m i r r o r s  would be a b e t t e r  choice.  

The da ta  presented i n  t h i s  paper i n d i c a t e  t h a t  any o f  t h e  t h r e e  c o a t i n g  

m a t e r i a l s  o f  MgF2, S102, and A1203 would per form adequately as a p r o t e c t i v e  

c o a t i n g  a g a i n s t  atomic oxygen degradat ion  f o r  s i l v e r  m i r r o r  sur faces.  S i l i c o n  

n i t r i d e  a l s o  appears t o  per fo rm s a t i s f a c t o r i l y .  However, s i n c e  t h e  S13N4 i s  

e s s e n t i a l l y  completely converted t o  Si02, t h e r e  i s  no advantage i n  u s i n g  t h e  

n i t r i d e .  

I n  t h i s  work, no a t tempt  was made t o  determine t h e  e f f e c t  o f  d i f f e r e n t  

d e s p o s i t i o n  techniques on t h e  performance o f  t h e  p r o t e c t i v e  c o a t i n g s .  For 

l a r g e - s c a l e  depos i t ions ,  techniques o t h e r  than i o n  beam s p u t t e r  d e p o s i t l o n  a r e  

genera. l ly  more appropr ia te .  Ana lys is  o f  t h e  atomic oxygen d u r a b i l i t y  o f  

coa t ings  prepared by these o t h e r  techniques would be u s e f u l .  
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TABLE I. - CHANGE I N  SOLAR REFLECTANCE OF UNPROTECTED PLATINUM. RHOOIUM. 

R e f l e c t i v e  S u b s t r a t e  ExPOSUre 
m e t a l  t h e .  

h r  

I n i t i a l  s o l a r  F i n a l  s o l a r  
r e f l e c t a n c e  r e f l e c t a n c e  
s p e c . / t o t a l  s p e c . / t o t a l  

A¶ N i c k e l  2.1 I !! 1 A;y;;;~n 1 5 1 5  1 0.656/.690 1 O.b31/.666 
.70b/. 71 2 .693 / .  700 

copper .634/.665 .418/.548 

epoxy '.402/.634 .323/.550 

B e r y l l i u m -  

G r a p h i t e -  

0.95210.962 0.6654/0.741 

I f 1 A;;;;;y 1 3 1 5  I 0.697/0.727 10.692/0.714 
.731/.736 .719/.724 

copper .b97/.727 .b85/.714 

epoxy '.428/.b22 .379/.608 

B e r y l l i u m -  

G r a p h i t e -  

IRONMENT 

F r a c t i o n a l  
l o s s  p e r  
1000 h r  

s p e c . / t o t a l  

142/105 

0.459/0.440 
.239/. 220 

3.98/2.15 

1 . 4 5 A . 5 4  

0.1 27/0.329 
.304/ .304 

.304/ ,329 

1.24/.354 

aThe low r e f l e c t a n c e  va lues  f o r  t h e s e  samples were due t o  t h e  r e l a t i v e l y  
rough graph i te -epoxy  s u r f a c e .  

TABLE 11. - CHANGE I N  SOLAR REFLECTANCE OF SILVER MIRRORS WITH VARIOUS PROTECTIVE 

COAlINGS AFTER EXPOSURE TO THE OXYGEN PLASMA ENVIRONMENT 

s p e c . / t o t a l  

! A;;;;;m 1 O::;;;Oi;;2 

N i c k e l  108.5 .899/.909 

epoxy 108.5 .661/.828 

B e r y l l i u m -  

G r a p h i t e -  , 

Aluminum 62 0.866/0.898 
N i c k e l  83 .883/.913 

copper I 62 1 .914/.929 
B e r y l l i u m -  

.911/.920 
B e r y l l i u m -  

copper 
G r a p h i t e -  

epoxy .802/. 871 

F i n a l  s o l a r  
r e f l e c t a n c e  
s p e c . / t o t a l  

0.823/0.870 
.886/.901 

.879/.995 

.557/.730 

0.761/0.791 
.807/. 839 

.859/.873 

.b30/.785 

0.823/0.869 
.911/.920 

.779/. 826 

.802/.868 

TABLE 111. - CHANGE I N  SOLAR REFLECTANCE OF SILVER MIRRORS WITH 

SILICON NITRIDE PROTECTIVE COATINGS AFTER EXPOSURE TO THE OXYGEN 

PLASMA ENVIRONMENT 

1 810 1 A:;:? 1 48,5 1 0.907/0.940 10.572/0.596 
.931/.945 .525/.536 

copper .914/.936 .635/.651 

.309/ .E86 .199/. 494 

B e r y l l i u m -  

G r a p h i t e -  

20p0 I Aluminum I 400,.5 I 0.789/0.877 0.725/0.829 
N i c k e l  .916/.925 .881/.892 

8 e r v l l i u m -  
.886/.908 .854/.876 

. b16/.868 .547/. 79b 
1 1 1 Gr$?$ 1 1 1 
I I I I I 

F r a c t i o n a l  
l o s s  p e r  

1000 h r  
s p e c . / t o t a l  

0.169/0.136 
.120/.074 

.147/.158 

.959/.903 

1.69/1.72 
.91 O/ ,892 

.887/.903 

.988/. 627 

0.435/0.210 
. oo/. 00 

1.4018.87 

.00/.040 

F r a c t i o n a l  
l o s s  p e r  
1000 h r  

s p e c . / t o t a l  

b.91/7.09 
8.37/8.43 

5.75/5.88 

2.2718.08 

0 .1  60/0. 120 
.087/. 082 

.080/.080 

.172/. 180 
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0 PT ON NICKEL SUBSTRATE 
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FIGURE 1. - INTEGRATED SOLAR SPECULAR REFLECTANCE 
AS A FUNCTION OF ASHER PLASMA EXPOSURE T IME FOR 
UNPROTECTED SILVER. PLATINUM. AND RHODIUM RE- 
FLECTING SURFACES. 

0 UNPROTECTED AG ON NICKEL SUBSTRATE 
0 AG ON NICKEL SUBSTRATE WITH 820 A 
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FIGURE 2. - INTEGRATED SOLAR SPECULAR REFLECTANCE AS A 
FUNCTION OF ASHER PLASMA EXPOSURE TIME FOR S ILVER RE- 
FLECTING SURFACES WITH AND WITHOUT PROTECTIVE COATINGS. 
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